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Abstract— The core hypothesis of this ongoing research
project is that co-designing haptic-feedback and forward-
control methods for shared-control teleoperation will enable
the operator to more readily understand the shared-control
algorithm, better enabling him or her to work collaboratively
with the shared-control technology. This paper presents a novel
method that can be used to co-design forward control and force
feedback in unmanned aerial vehicle (UAV) teleoperation. In
our method, a potential field is developed to quickly calculate
the UAV’s risk of collision online. We also create a simple proxy
to represent the operator’s confidence, using the swiftness with
which the operator sends commands the to UAV. We use these
two factors to generate both a scale factor for a position-control
scheme and the magnitude of the force feedback to the operator.
Currently, this methodology is being implemented and refined
in a 2D-simulated environment. In the future, we will evaluate
our methods with user study experiments using a real UAV in
a 3D environment.
Index Terms— Teleoperation, haptic feedback, potential field.
I. INTRODUCTION
A small and agile UAV can be used by rescue teams to
search for survivors in the wake of a man-made or natural
disaster, such as an earthquake. In this disaster response
scenario, a rescue worker would need to fly the UAV quickly
through a large rescue field, while deftly maneuvering around
obstacles. The rescue worker must also be able to precisely
control the UAV’s motion if he or she wants to carefully
inspect a certain area.
When remotely operating a UAV, the operator must span
a large workspace using a small control interface, which
can be difficult. The difficulties arising from the mismatch
in the size of the operator’s and robot’s workspace arise
when controlling any ground or aerial remote robot. In this
project we will focus on remote control of small, agile UAVs,
because they can move at high-speeds, thus would be more
difficult for the operator control.
To span a large workspace with a small interface, it is
necessary to modify the operator’s input commands through
a forward-control method to calculate the desired state of the
robot. The most common forward-control method to date is
named rate control or velocity control, which the operator
uses to command the velocity of the UAV [1]. Rate control
can successfully span the large workspace, and is widely
used in UAV teleoperation [2]. When using rate-control,
the operator will change the position of the input device to
command the desired velocity of the remote robot. However,
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a major limitation of this method is that it can be difficult for
the operator to precisely control the position of the remote
robot using this method [2].
Position control is an alternative forward-control method
that does allow for precise control of the desired position of
the remote robot. In this method, the position of the control
interface is used to calculate the desired position of the UAV.
If a small interface is used to control the position of a robot
over a much larger area, then the position of the control
interface is often scaled to calculate the desired position of
the robot [1]. Clutching, which allows the operator to adjust
the position of the control interface without changing the
desired position of the robot, can also be implemented to
enable a small control interface to span a large area using
position control [1].
Picking an appropriate scale factor for position control can
be challenging. If the scale factor is too small, the operator
needs to do several clutching adjustments, which will be
time consuming and may be frustrating to the operator.
On the other hand, if the scaling is too large, it will be
hard for the operator to precisely control the position of
the robot. In our present work, we propose a method that
will automatically change the scale factor in position-control
teleoperation. Our work is inspired by the work of Romano
et al. who created a control method that allows for both fine
control and fast control, depending on the speed that the user
moves the control interface [3]. In our method, we also use
the operator’s actions to allow for both fine and fast control.
However, we also use important information about the UAV’s
current state, namely the risk of a collision to determine the
best granularity of control.
We hypothesize that, given the tightly coupled nature
of action and perception in direct manipulation [4], cou-
pling action and perception in teleoperation will increase
the transparency of the system and improve the operators’
efficiency. Our key insight is that the factors that should
affect the scaling are the same factors that should affect the
magnitude of the force applied to the operator, allowing us
to co-design forward-control and force-feedback methods for
teleoperation.
Prior work has used haptic feedback to alert a UAV pilot
of the risk of a collision between a remote UAV and its
environment [5], [6]. Lam et al. proposed several methods
to generate haptic feedback by adapting potential functions
used in robotic path planning [5]. Although, Lam et al. did
not validate their methods with real operators, their methods
proved to be an efficient way to generate haptic feedback
[5]. The following year, Brandt and Colton conducted a
user study that showed similar haptic feedback strategies
can significantly reduce the number of collisions without
sacrificing task efficiency [6].
We will adopt one of the methods by Lam et al., the Para-
metric Risk Field (PRF) to calculate the risk of a collision
between the UAV and an obstacle in its environment. We
will combine the risk of a collision with a measure of the
operator’s confidence in his or her actions, to generate auto-
matic scaling and haptic feedback, as described in Section II.
We hypothesize that both our automatic-scaling and haptic-
feedback methods will improve the user’s ability to fly a
UAV through a large space using a small control interface.
Furthermore, we propose that our forward-control and haptic-
feedback methods will synergistically interact, each having
a greater benefit in the presence of the other. Our plans to
test these hypotheses are described in Section III.
II. METHODS
To create our forward-control and haptics-feedback meth-
ods, we first calculate two factors representing the risk of a
collision and the operator’s confidence in his or her actions.
We then propose forward-control method, and related haptic-
feedback method, that are each functions of the risk of
collision and the operator’s confidence.
A. Risk of Collision
Inspired by [5] and [6], we use a potential field method to
calculate a risk factor, Cr, which represents the likelihood that
the UAV will collide with another object in its environment.
We perform all calculations in a reference frame centered
on the body of the UAV, which is shown by the white axes
in Fig 1. The Z-axis of this reference frame points directly
upward and the X-axis of this reference frame points towards
the object that is closest to the body of the UAV. The Y-axis
is defined to be perpendicular to the X-axis, using a right-
handed convention.
Following, [5], we first calculate a critical region, in which
a collision will be unavoidable, represented by the red region
in Fig 1. The critical region depends on the UAV’s current
velocity and maximum acceleration, which is limited by
the force that is able to be generated by the UAV. The
critical region includes the space directly around the UAV,
which is circumscribed by a circle that has a radius, RUAV ,
which is shown by the dashed black circle in Fig 1. The
critical region also includes the space swept out by the this
circumscribing circle if the UAV were to decelerate at its
maximum acceleration. The length of the critical region can
be calculated by
Lcr = 2RUAV +
|V |2
2amax
(1)
where V is the UAV’s current velocity and amax is the UAV’s
maximum acceleration.
We then determine the region of space over which we will
compute a potential field, such that outside of the potential
field the risk of collision will be nearly equal to zero. In
the current implementation, we have chosen to compute the
y
V
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Fig. 1: A UAV flown with velocity, V, through a hallway (shown
in black) would unavoidably collide with any object located in the
red region and may collide with any object located in the gray
region. Transparent gray regions represent areas where a line-of-
sight sensor mounted on the UAV would not be able to gather data.
potential field at all points within a distance, d, from the
critical region. Because the risk of collision will be the
greatest at higher velocities, we currently set d to be a scaled
value of the UAV’s current speed. In the future, we may
consider a more complex relationship between d and V . The
region over which the potential field will be computed is
shown by the transparent gray region in Fig 1.
The risk of a collision varies from 0, at the far extent of
the potential field, to 1, at the boundary between the potential
field and the critical region. The risk of collision between the
UAV and an obstacle at point p that is some distance, do,
outside the critical region, can be computed by:
Cr,p =
 0, do > d1, do < 0f (d,do,V,amax) | 0≤Cr,p ≤ 1 otherwise (2)
The function f can be any smooth function that ranges
from 0, when do = d to, 1 at the border of the critical
region. Some examples of the function f , including linear
and sinusoidal functions, are proposed in [5].
A line-of-sight sensor mounted on the UAV, such as a
LIDAR, will be used to determine the location of obstacles in
the UAV’s environment. In Fig. 1, transparent regions of the
gray potential field represent areas of space for which a line-
of-sight sensor mounted on the UAV cannot gather data. The
point that is occupied by an obstacle with the greatest risk
will be used to calculate the overall risk of a collision, i.e.
CR = max(Cr,p). Other options, such as taking an integral of
the risk over the total area within the potential field occupied
by obstacles or hidden from the UAV’s sensor, may also be
considered.
B. Human’s Confidence
In creating our forward-control method, we hypothesize
that a human operator will be able to most efficiently
control a UAV when the operator’s confidence correlates
to the granularity of control. We propose that the swiftness
with which the human operator moves the control interface
can be used as one measure of the human’s confidence.
Therefore, we propose that that human’s confidence, Hc can
be expressed as a function related to operator’s input velocity
Vo and input acceleration ao, which can be captured by the
control interface. We are currently using a linear combination
of Vo and ao to compute Hc.
C. Automatic Scaling
In order to allow for both fine and fast control of the UAV,
we propose to automatically change the scale factor, S, in a
position-control scheme based on the risk of collision, Cr,
and the human’s confidence, Hc, as follows:
S = Kc(1−Cr)+KhHc (3)
where Kc and Kh are coefficients that depend on Cr and Hc.
This method will allow for fine control when there is either
a high risk of collision or a low level of human confidence,
while allowing for fast control when there is a low risk of
collision or a high level of human confidence.
Our forward control method can then be described as:
Xd,t = S(Xo,t −Xo,t−1)+Xd,t−1 (4)
where Xd,t is the desired position of the UAV, Xd,t−1 previous
desired position of the UAV, and Xo,t and Xo,t−1 represent
the current and previous position of the control interface,
respectively.
We note that our method can independently change the
scale factor in the X and Y directions, which we believe will
be beneficial. For example, consider the scenario shown in
Fig. 1, in which the operator is flying the UAV in a hallway.
If the scale factor is independently varied in the X and Y
directions, then fast control can occur along the direction
of the hallway while fine control occurs in the direction
of the nearest obstacle, i.e. the wall. Because the X-axis is
defined to be in the direction of the nearest object, the global
direction of fine and fast scaling will automatically change
as the operator rounds the corner.
We also note that clutching will not be affected by our
method because the motion of the robot will not be changed
when the operator chooses to disengage control.
D. Haptic Feedback
Haptic feedback can assist the operator by alerting him or
her when the UAV is flying in close proximity to an object,
and thus has a high risk of collision [5], [6]. We hypothesize
that designing the haptic feedback to be closely related to the
forward-control method will be most beneficial because the
operator will be able to correlate the forward and feedback
channels of the teleoperation system. Therefore, we propose
that magnitude, F of haptic feedback should have the form:
F = K f Kc(Cr)+K f Kh(1−Hc) (5)
where Kc and Kh are the same coefficients as in Eq 3, and
K f is a constant scale factor introduced that accounts for the
difference between the appropriate range of scale factors and
force magnitudes. Currently, the force always acts away from
the point in the environment with the highest risk of collision.
Fig. 2: An operator uses our system to control a simulated UAV
in a 2D environment using the 3D Systems Touch
In our current implementation, there is not haptic feedback
if the UAV is still. We may consider modifying our methods
to provide haptic feedback to the operator if the UAV is very
close to an obstacle, even if it is not moving.
III. PROJECT STATUS AND FUTURE WORK
We have implemented our method using a 3D joystick
called 3D Systems Touch (formally Phantom Omni) as the
control interface, as is shown in Fig. 2. We are using the 3D
Systems Touch because it has more degrees-of-freedom and a
larger workspace than the traditional joysticks. In the future,
we will investigate more typical hand-held controllers with
respect to the real environment. We are currently refining our
methods in a simulated environment created with the Robot
Operating System (ROS).
After we have finalized our methods, we will move from
controlling a simulated robot to controlling a real robot. We
will then run a user study to test the utility of automatic
scaling in position-control teleoperation. Next, we will run
a second user study in which operators fly a UAV with
automatic scaling and a variety of haptic feedback schemes,
include the one proposed in Equation 5, and those proposed
in [5] and [6] to determine whether tightly correlating the
forward-control and force-feedback methods results in better
operator performance.
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